D
uring the past decade, there have been growing concerns regarding a lack of reproducibility in scientific research in general, and animal-experimental studies in particular. [1] [2] [3] [4] Accordingly, sample size calculations, proper use of blinding techniques, and implementation of randomization procedures are performed by scientists to increase reproducibility of their results. 5 Yet, such measures are not routinely included in many experimental research protocols. For example, a 2009 survey of 271 biomedical animal experimental studies found that 87% did not perform randomization, and 86% did not perform blinding. 6 Robust experimental design is required to maximize the quality of results while minimizing resources as well as animal suffering. [7] [8] [9] Most important, reproducible animal experimental research results are at the core of our ability to translate basic science into tangible benefits for patients. Only the most promising novel concepts should proceed toward clinical trials in humans. 10 Although more than 1000 substances demonstrated neuroprotective effects in the laboratory, they failed to translate into effective clinical therapies. 11 Indeed, an evaluation of excess significance bias in animal studies of neurological disease came to the conclusion that only 8 of 160 evaluated treatments should have even gone on to clinical trials in humans. 12 The European Association of Science Editors a and the International Committee of Medical Journal Editors b are continuously updating their guidelines to promote publications of complete, concise, and standardized manuscripts. In 2010, the Animal Research: Reporting of In Vivo Experiments guidelines were developed to improve transparency and reproducibility of animal studies. 13 Accordingly, Animal Research: Reporting of In Vivo Experiments guidelines recommend proper sample size calculations, blinding, and randomization procedures.
Simple experimental design steps to reduce bias are common in clinical studies and have also long been recommended BACKGROUND: Lack of reproducibility of preclinical studies has been identified as an impediment for translation of basic mechanistic research into effective clinical therapies. Indeed, the National Institutes of Health has revised its grant application process to require more rigorous study design, including sample size calculations, blinding procedures, and randomization steps. We hypothesized that the reporting of such metrics of study design rigor has increased over time for animal-experimental research published in anesthesia journals. METHODS: PubMed was searched for animal-experimental studies published in 2005, 2010, and 2015 in primarily English-language anesthesia journals. A total of 1466 publications were graded on the performance of sample size estimation, randomization, and blinding. CochranArmitage test was used to assess linear trends over time for the primary outcome of whether or not a metric was reported. Interrater agreement for each of the 3 metrics (power, randomization, and blinding) was assessed using the weighted κ coefficient in a 10% random sample of articles rerated by a second investigator blinded to the ratings of the first investigator. RESULTS: A total of 1466 manuscripts were analyzed. Reporting for all 3 metrics of experimental design rigor increased over time (2005 to released an influential publication that outlined NIH proposals to enhance reproducibility. Subsequently, the NIH updated reviewer guidelines for federally funded research have emphasized the requirement for more scientific rigor: "The strict application of the scientific method to ensure robust and unbiased experimental design, methodology, analysis, interpretation, and reporting of results." c The need to implement steps that enhance rigorous scientific methods to advance perioperative medicine is crucial for the field of anesthesiology. Here, we sought to examine trends in reporting of sample size estimates, blinding, and randomization in animal-experimental studies published in anesthesia journals in 2005, 2010, and 2015. We hypothesized that reporting of such study design metrics of rigor was more common in more recent publications. 
METHODS

Journal Selection
Database Search for Studies
The sequence of search strategies and analyses of the articles is summarized in the Figure. PubMed was searched for animal-experimental research in the selected anesthesia journals in 2005, 2010, and 2015. The search was limited by the "Date -Publication" field descriptor between January 1 and December 31 and the respective year. Each journal was selected using the field descriptor "Journal." In order to narrow the search results to primary research studies, the following terms were excluded from the search under the field descriptor "Study type:" historical article, comment, letter, review, editorial, case report, and meta-analysis. This search yielded a preliminary list of articles. An investigator then manually pruned this list to include only studies using animal models, which included primary animal studies and studies with both animal and human components. The National Library of Medicine Medical Subject Heading definition of "animal" was used for inclusion criteria, which is defined as follows: "Unicellular or multicellular, heterotrophic organisms, that have sensation and the power of voluntary movement. Under the older 5-kingdom paradigm, Animalia was one of the kingdoms. Under the modern 3 domain model, Animalia represents one of the many groups in the domain Eukaryota."
e Experiments included, but were not limited to, animal behavior studies, isolated animal organs (ie, spinal cord, aortic root, lung, and liver), and primary cell cultures. Each list was then cross-referenced for validity with a list generated using the same date, journal, and publication type as described above, with an added "animal" filter. After manual pruning, the second reviewer identified 192 of the 193 manuscripts that had been classified as an animalexperimental study by the first investigator. No additional manuscripts were identified. Unblinded rereview of the manuscript not identified as an animal-experimental study during manual pruning by the second reviewer revealed that this manuscript, in fact, described an animal-experimental study.
Search Term Criteria
Three categories were chosen to investigate study design rigor: sample size estimate, blinding, and randomization. The word particles "power," "sample size," "sample," and "group" were used to evaluate sample size estimate. The word particle "rando" was used to evaluate randomization. The word particle "blind" was used to evaluate blinding. These metrics were chosen both because they are commonly recommended to ensure robust and reliable results, and they can be practically used in an electronic search function.
16,17
Collection of Reporting
The Adobe ® Acrobat Reader (Adobe Systems Incorporated, San Jose, CA) find function was used to search PDF versions of each article for the word particles above. Word particles were then assessed to ensure context within the experimental design description and rated on an ordinal scale from 0 to 3 to assess the quality of reporting. A score of 0 was assigned if the term was not found by the search function, 1 if the term was mentioned but metric was not performed, 2 if the metric was performed but the method was not detailed, and 3 if the metric was performed and the method was described. A detailed description of evaluation criteria can be found in Supplemental Digital Content 2, Table, http://links.lww.com/AA/B671.
Interrater Agreement
A second investigator blinded to the initial rating scored a random selection of 10% of the articles (n = 147) analyzed in each year for sample size estimate, blinding, and randomization. The random selection was performed using the random number generator described above. These full-text articles were then scored using the same evaluation criteria and methods as were used for the initial analysis.
Statistical Analysis
To address the primary hypothesis ordinal scale rating scores (0, not mentioned; 1, mentioned but not performed; 2, performed but no details; and 3, performed and details given) were collapsed into binary (performed/not performed) variables. To examine overall trends in reporting of quality metrics as binary outcomes across the 3 time points, the Cochran-Armitage test for linear trend was used. 18, 19 Simple logistic regression with time as a continuous covariate was used to estimate the effect of time on the likelihood of each metric being performed in published articles. P values and confidence intervals were corrected using the Bonferroni method for multiple comparisons.
To examine overall trends in reporting of quality metrics as ordinal outcomes across the 3 time points, the Cochran-Mantel-Haenszel Test for linear trend was used. 20 P values were adjusted for multiple comparisons using the Bonferroni correction.
Interrater agreement for each of the 3 metrics (power, randomization, and blinding) scored using the 4-point ordinal scale was assessed using the weighted κ coefficient. 21 ,22 κ represents the difference in agreement between that which is actually observed (observed agreement) and that which occurs by chance alone. Weights were calculated with the Cicchetti-Allison method.
Analysis was done in SAS 9.4 (SAS Institute Inc, Cary, NC). All statistical tests were performed adjusting for multiple comparisons to maintain an overall .05 level of significance.
For the power analysis, we assumed a 25% absolute increase in reporting incidences for each of the 3 metrics during a 10-year interval in 2 independent proportions. Therefore, we anticipated a baseline reporting level of 25% in 2005 and a reporting level of 50% in 2015. In order to maintain a .05 significance level across the 3 outcome metrics, the Bonferroni method for multiple comparisons was used to adjust the α to .017. A total of 77 studies in each year (154 total) would yield 80% power to detect an absolute difference in the proportion of metrics identified of at least 25% as significant (α adjusted to .017 for multiple comparisons, overall α .05). This power calculation was done using G*Power Version 3.1.9.2 (Heinrich Heine Universität Düsseldorf, Germany). 23 
RESULTS
Study Selection
This study included 1466 publications from 23 Table 2 ). The odds of a power analysis being performed and mentioned in a published article increased 81% (40% to 134%) within a 5-year interval. The odds of a randomization being performed and mentioned in a published article increased 30% (12% to 52%) within a 5-year interval. Finally, the odds of blinding being performed and mentioned in a published article increased 57% (33% to 84%) within a 5-year interval.
Further, the quality of the reporting for power analysis, randomization, and blinding assessed on a 4-point ordinal scale also significantly increased over time (all P < .0001; Table 3 ). From 2005 to 2010 and to 2015, the percentage of articles that received the highest rating for reporting (defined as "metric reported, performed, and details described") increased: for power analysis, from 4% (22/516), to 11% (53/485), to 14% (67/465); for randomization, from 4% (23/516), to 7% (36/485), to 10% (46/465); and for blinding, from 18% (93/516), to 26% (124/485), to 31% (142/465). The percentage of articles that received the lowest rating for reporting (defined as "metric word particle not found") correspondingly decreased. For power analysis, from 90% (465/516), to 80% (389/485), to 60% (280/465); for randomization, from 58% (300/516), to 49% (239/485), to 43% (199/465); and for blinding, from 72% (371/516), to 61% (294/485), to 49% (226/465). 
Interrater Agreement
DISCUSSION
When comparing the years 2005, 2010, and 2015, animal experimental research manuscripts published in anesthesia journals showed increased rates of reporting for power analysis (from 5% to 12% to 17%), randomization (from 41% to 50% to 54%), and blinding (from 26% to 38% to 47%). Our hypothesis that reported metrics of rigor in animal experimental studies have increased during the past decade was confirmed. Yet, even in 2015, only a minority of published To examine overall trends in reporting of quality metrics (binary) across the 3 time points, the Cochran-Armitage test for linear trend was used. P values were adjusted for multiple comparisons using the Bonferroni correction. Simple logistic regression with time as a continuous covariate was used to estimate the effect of time on metric performed and mentioned in published articles. The reference group was "not performed," and odds ratios were calculated for 5-year increments in time. Percentages are given in parentheses. To examine overall trends in reporting of quality metrics as ordinal outcomes across the 3 time points, the Cochran-Mantel-Haenszel test for linear trend was used. P values were adjusted for multiple comparisons using the Bonferroni correction. Percentages are given in parentheses.
research manuscripts included information on all of the analyzed experimental design procedures to improve rigor. Fields such as oncology and neuroscience have been amongst the first to embrace approaches to demand new standards for preclinical research. In 2010, Hess 24 reviewed 100 publications in the journal Cancer Research and found that 28% of the articles reported random allocation of animals, only 2% reported blinding, and 14% did not report sample size. Concerns that novel mechanistic findings may lack reproducibility, and lead to the subsequent design of futile clinical trials, have prompted vigorous responses to establish more robust requirements for preclinical cancer research. 2 In the field of neuroscience, Button et al reported an average statistical power of only 8% to 31%, indicating a need to address proper sample size estimation before pursuing experimental research. 25 Also within the field of neuroscience, Sena et al 26 found low reporting of randomization (2% to 12%), blinding (3% to 18%), and sample size calculation (0%) in animal experimental studies. Increased attention to the basics of sound statistics and robust study design have since been demanded within the neuroscience community. 27 Our study is novel because it details the state of reporting on select experimental study design metrics in the field of anesthesia. Although we did identify current shortcomings, we were also able to demonstrate significant improvements in the past 10 years by authors and journals to include more detailed information on power analysis, randomization, and blinding in published manuscripts. Explicit editorial requirements for authors to use reporting checklists, such as the ones recommended by the "EQUATOR Network,"
f are likely to continue to enhance reporting for essential characteristics of experimental study design. 28, 29 Hence, the observed increases in reporting of recommended experimental study design features in our study may not come as a surprise, yet, the fact that the numbers remained as low as they were in 2015 is noteworthy.
Our study has several limitations. First, we cannot exclude that investigators actually performed power analysis, randomization, or blinding (without reporting this in their manuscripts). Second, some studies may have used unusual wording that would not have been recognized by our search strategy. However, this concern was not confirmed during the manual pruning of relevant methods sections in the manuscripts analyzed. Third, robust, reproducible, and translatable basic science research requires more than a priori power analysis, randomization, and blinding. 30 For example, in-bred strains of animals of the same age that are housed under identical conditions do not reflect the genetic heterogeneity and differing environments encountered in humans. In addition, gender-specific effects need to be accounted for in experimental protocols and efforts to translate basic science into clinical trials. However, for this study, we chose to narrow our focus to 3 important concepts because they are relatively easily implemented, recommended by current guidelines, and can be unambiguously reported in a manuscript. 13 Finally, a potential limitation of our study is observer bias because both the selection of articles and rating of metrics are subject to human error. We attempted to limit this source of bias through cross-referencing manually chosen articles with automated filters available within PubMed and comparative rating of the 3 metrics by a second, blinded rater.
In summary, we found an increase in the reporting of power analysis, randomization, and blinding in anesthesia journals from 2005, to 2010, and to 2015. Going forward, more scientific anesthesia journals could routinely require inclusion, or justification for the absence, of recommended study design features in published manuscripts. Enhanced reporting could enable readers to better assess potential sources of bias. Future studies should assess whether such steps lead to improved translation of animal-experimental anesthesia research into successful clinical trials. E
